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We calculate the exclusive process 'yt^QDlKQ'^) ~> PlPli a ^ high energy. The Born 
order estimate and the leading (LLA) and next to leading order (NLLA) BFKL resum- 
mation effects show the feasibility of experimental detection in a quite large range of Q 2 
values at future high energy e + e~ linear colliders. 
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1 Introduction 



Future e + e~ colliders will offer the possibility of clean testing of QCD dynamics through 
the scattering of two virtual photons. By selecting events in which two vector mesons are 
produced with a large rapidity gap and no accompanying particles, one is getting access 
to the kinematical regime in which the perturbative approach to exclusive scattering is 
justified. When the photon virtualities are comparable, the perturbative Regge dynamics 
of QCD should dominate and allow the use of resummation techniques of the BFKL type. 
We have studied [1] these effects for the reaction 

t£(«0 7i(») - Pliki) tPM , (i) 

where the virtualities Q 2 = —q 2 of the scattered photons play the role of the hard scales. 
Up to now, the available experimental data are restricted at rather small values of the 
energy [2] and are analysed in terms of generalized distribution amplitudes [3] . Recently 
the same process in the forward limit was studied in the full NLLA BFKL approach in 
Ref. [4]. 



2 Born order study 



The Born approximation study of the scattering amplitude of the process (|T} proves 
the feasibility of a dedicated experiment. The impact representation of the scattering 
amplitude has the form, in terms of transverse momenta, 

d 2 k 



M = is -4-= i 77£(9i)-^(fci)^ jZ ._^j7E(««)-»^(te)(_fe j _ z: + fc) j (2) 

J (27r) 4 /c (r — k) 2 

where JJilfa^PLfc)^? — k) are the impact factors corresponding to the transition of 
7x,(?i) — > p\{ki) via the t— channel exchange of two gluons, with r = 1/2 (A^ — k 2 ) and 
1l — tmin — t .la this approximation, the amplitude (J2J) depends linearly on s and can be 
expressed as 



N 2 - 1 
M /V2-- ' 



N 2 



a s a em f QiQ 2 / dz 1 dz 2 z 1 z 1 (f)(z 1 )z2Z2(j)(z2)M(z 1 , z 2 ) 
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with (denoting //? = Q 2 Zi Zi) 
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zjr 2 + jx\ zfr 2 + /if (ziz — k) 2 + [i\ 



(z lL -k) 2 + ii 2 \ " ">\ ■ (4) 

We evaluated M(zi, z 2 ) analytically and checked that the production amplitude dramat- 
ically decreases with t so that its magnitude at t — t m i n dictates the rate of the reaction. 
In this simpler case, the integral over k can easily be performed and gives 



M{ Zl ,z 2 ) 



An 
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The amplitude M. can then be analytically computed through z±, z 2 integration. In the 
special case where Q = Q\ = Q 2 , it simplifies to 

N 2 - 1 Qvr 2 
M^iQx = Q 2 ) = -* s ^^a 2 « em / 2 — (24 - 28C(3)). (6) 

The peculiar limits R = Q1/Q2 1 and R <C 1 correspond to the kinematics typical for 
deep inelastic scattering on a photon target described through collinear approximation. 
In the limit R S> 1 the amplitude simplifies into 

. AT?- 1 2 , 2 96tt 2 /hi ii 1\ 

~ BS — a ' a "" a( * l)/J(fc2)/ 'QMl^r-65j ■ (7) 

We show on Fig.lL the differential cross section da/dt = |.M| 2 /(167rs 2 ) at the threshold 
function of Q\jQ\- Its rather large order of magnitude when ~ Q\ ~ 
1—10 GeV 2 implies the feasibility of its experimental measure at the International Linear 
Collider. 
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Figure 1: Left: Differential cross-section for the process 7f,7£ — > p\p\ at Born order, at 
the threshold t = t min , as a function of Q\jQ\- The asymptotical curves, given by Eq.(J7J), 
are valid for large Q\jQ\- The dots correspond to the special case Q\ = Q 2 where the 
formula (jOJ) can be applied. Right: Cross section for LLA BFKL (dotted curves) and for 
the NLLA corrected kernel (full curves), for the three cases Q = Q\ = Q 2 = 2 GeV, 3 
GeV and 4 GeV (from top to bottom in the plot). 



3 BFKL effects 

We studied BFKL effects in the leading order approximation at t — t min ~ — Q\Q\js. In 
the BFKL framework, the amplitude of the process can be expressed through the inverse 
Mellin transform with respect to s as 

A(s,t = t mm ) = is I ^e wY UL 2 = 0) , (8) 
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where Y = ln(s/so) is the rapidity. The BFKL Green's function reads 

poo 1 / k 2 \ iU 

where the integration over angles has been performed. u(v) is the BFKL characteristic 
function defined as oj(y) = a, s x{v), with a s = a s N c /n and 

x (u) = 2ip(l)-ip(l/2 + iv) -i)(l/2-iv) , ip(x) = T'(x)/T(x). (10) 

At LLA accuracy, 6t s is a fixed parameter. We choose to, however, let it depend on 
the given Qi and Q2, which are external to the pomeron but provide a reasonable choice, 
through a s = i ^ L a s (Q 1 Q 2 ). 

To estimate higher order effects, two improvements to the LLA BFKL amplitude have 
been made: BLM scale fixing (for the running of the coupling entering the impact factors) 
and renormalization group resummed BFKL kernel. 

We show on Fig.lR the differential cross-section corresponding to the LLA BFKL 
and NLLA corrected kernel. The amplification factor due to LLA BFKL resummation is 
indeed large. It is larger than the enhancement predicted for the total cross-section [5], 
because the enhancement at the level of amplitude needs to be squared for exclusive 
processes. This effect is reduced when including NLL corrections. 



4 Conclusion 

Since we expect the ILC to cover a quite large region in rapidity, experiments will allow 
us to test the dynamics of Pomeron exchange. The Born approximation estimate of this 
reaction, and the increase of the amplitude due to BFKL resummation effects show that 
the process 7*7* — > pp should be measurable by dedicated experiments at the ILC, for 
virtualities of the photons up to a few GeV 2 . We plan to pursue this line of research 
with Odderon exchange processes such as 7*7* — > 7r°7r° or, through interference effects in 
charge asymmetric observables in 7*7* — > 7t + 7t~7t + tt~ [6] 

Work of L.Sz. is supported by the Polish Grant 1 P03B 028 28. He is a Visiting Fellow 
of the FNRS (Belgium). 
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